Evidence has been presented (Saz and Krampitz, 1954) 
pathway of acetate oxidation by partially lysed cell preparations of Micrococcus lysodeikticu8. Results reported in this publication extend and further substantiate our previous findings.
Despite the fact that condensing enzyme can be demonstrated in many aerobic bacteria (Ochoa et al., 1951) , most of these organisms oxidize citrate very slowly if at all. The slow rate of citrate utilization has been cited as evidence against the occurrence of the tricarboxylic acid cycle in these organisms. Campbell and Stokes (1951) , using dried cell preparations of Pseudomonas fluorescens, presented evidence indicating that this lack of citrate utilization is a result of permeability effects. Stone and Wilson (1952) ob- tained cell-free extracts of Azotobacter vinelandii which were capable of oxidizing citrate and the other acids of the tricarboxylic acid cycle at a rapid rate. These authors studied the oxidation of acetate-1-C14 by this preparation and demonstrated the incorporation of isotope into citrate, succinate, and a-ketoglutarate.
The relative insensitivity of bacterial cells to malonate poisoning has also been cited as an indication against the occurrence of the tricarboxylic acid cycle in bacteria. However, the lack of malonate inhibition in these organisms may also be attributed to the impermeability of the cell wall toward malonate. show a marked inhibition of succinate oxidation by malonate. The nearly quantitative conversion of citrate into a-ketoglutarate by these preparations, as well as the quantitative trapping of acetate-2-CH4 by a-ketoglutarate in the absence of significant recycling, has been studied.
MATERIALS AND METHODS
Growth of M. lysodeikticus in liquid media. It is generally recognized that organisms grown on solid media are more difficult to rupture by physical means than are the same organisms grown in a liquid medium (Utter et al., 1946a) . This is particularly true of the cocci such as Micrococcus. Therefore, in contrast to previously reported data (Saz and Krampitz, 1954) , the organisms employed in most of the following experiments were grown in liquid media.
M. ly8odeilcticus was grown in 1 per cent glucose, 0.4 per cent yeast extract, and 0.4 per cent peptone. Approximately 50 ml of this medium in a 250 ml Erlenmeyer flask were inoculated with a loopful of organisms from an agar slant. The flask was then shaken at 37 C for 15 hours. One liter of the same medium in a four liter Erlenmeyer flask was inoculated with 5 ml of the fifteen hour culture. After 15 hours of shaking at 37 C, the cells were harvested in a refrigerated Sharples centrifuge rotating at 48,000 rpm. The usual yield of cells was 10 grams per liter (wet weight).
Organisms grown on liquid or solid media were indistinguishable morphologically. Both were rapidly lysed by lysozyme, and as far as determined their biochemical properties were the same.
Crushing cells with powdered gla8. Cells were crushed with powdered glass essentially according to the method of Kalniteky et al. (1945) Cells lysed in the presence of sodium oxalate. Gorini and Crevier (1951) reported that lysis of M. lysodeikticus by lysozyme resulted in the simultaneous liberation of a proteolytic enzyme which required calcium ions for its activity. This observation suggested the possibility that prolonged lysis of M. lysodeikticus resulted in an inactive preparation as a consequence of this proteolytic activity. In an effort to decrease or eliminate proteolysis, cells were lysed in the presence of varying concentrations of sodium oxalate.
To each 50 mg (dry weight) of cells grown on agar medium were added 0.31 ml of lysozyme solution (see Saz and Krampitz, 1954) and 0.31 ml of a saturated sodium oxalate solution. The suspension was then made up to 1 ml with 0.9 per cent sodium chloride. After a 60 minute lysis period, the cell suspension was gelatinous in appearance. This gelatinous preparation was used directly without previous centrifugation.
Upon microscopic examination, many whole cells were detectable, but these cells were gram negative and were surrounded by much gram negative debris. If lower concentrations of oxalate were employed, the activity of the preparation decreased rapidly.
All other materials and methods have been previously described (Saz and Krampitz, 1954) .
RESULTS
Comparison of oxidative properties of various preparation.
In an effort to demonstrate rapid citrate utilization by M. lysodekticwus, it became apparent that permeability effects must be minimized. For this reason many attempts were made to obtain extracts of the organism which would oxidize citrate. Table 1 compares the oxidative activity of several different preparations on some of the intermediates of the tricarboxylic acid cycle. It may be seen that whole cells and the partially lysed preparation (Utter et al., 1946b; Saz and Krampitz, 1954 ) are essentially inactive on citrate. Cells lysed in the presence of sodium oxalate and the cell-free extract obtained by grinding M. iysodeikticus with powdered glass oxidize citrate rapidly, whereas a-ketoglutarate is slowly dissimilated. The glass ground extract, when added to the particulate fraction, had the further ad- with the acetate-2-014 to serve as a source of C4 acids. The reaction was stopped by the addition of sulfuric acid, and the respiratory carbon dioxide was collected. The precipitated protein was removed by centrifugation and washed two times with water. The combined supernate and washings were concentrated to 5 ml by lyophilization under acid conditions (pH 3) and the intermediary acids separated by chromatographing on celite (Swim and Krampitz, 1954a, b) . In view of the fact that acetic acid is volatile it was recovered from both the supernate and residue of the lyophilization. The acetic acid was obtained from the supernate by neutralization, evaporation, and chromatography of the residue. Specific activities were determined by the oxidation of each acid to carbon dioxide with chromic acid (Van Slyke and Folch, 1940) , precipitation of the carbon dioxide as barium carbonate, and counting with an end window Geiger-Mfiller counter. The specific activity of each carbon atom of a-ketoglutarate was determined as previously described (Saz and Krampitz, 1954 When acetate-2-C14 was oxidized by a cellfree extract in the presence of arsenite and fumarate, 91 per cent of the isotope of the acetate utilized was incorporated into the a-ketoglutarate which accumulated. It was shown that an insignificant amount of recycling of the isotope occurred in this experiment.
The oxidation of succinate by whole cell preparations is not inhibited appreciably by malonate. Employing the cell-free extract, the oxidation of succinate is inhibited 72 per cent by 0.012 M malonate.
